Abstract
Introduction
Convergence is one of the fundamental issues of European integration. This paper is aimed at answering the question of whether absolute income (GDP per capita) beta-convergence exists The research is based on econometric models, namely on the spatial lagged model (SLM), the spatial error model (SEM) and the Durbin spatial model which contrary to the ordinary least squares the (OLS) model include possible spatial dependencies. The paper includes three major sections: (1) literature review, (2) methodological considerations concerning convergence equation and estimation techniques and finally (3) an empirical study on absolute income betaconvergence among the NUTS 3 regions of the selected 10 new EU Member States.
Literature review
Convergence is one of the fundamental topics of economic integration. Consequently, there are a lot of studies, both theoretical and empirical, concerning the processes of convergence. This literature review includes examples of research focusing on income (GDP per capita) convergence among relatively poorer regions of the European Union -namely regions in Greece, Portugal and Spain, and obviously regions in the new EU Member States. Therefore, it is possible to compare (up to a point) results stemming from research and from my empirical study.
Firstly, Soukiazis and Antunes (2004) scrutinize convergence process among the thirty NUTS 3 Portuguese regions studying the evolution of per capita income and productivity during the period 1991-2000. Their results show that convergence among the 30 regions in Portugal is rather conditional than absolute. Labour shares in the main economic sectors are important in explaining convergence in per capita income and productivity. Output growth, reflecting demand conditions and labour composition by sectors are shown to be relevant conditioning factors in explaining the convergence process in productivity. Moreover, their evidence shows a more significant shift of labour from the primary to the tertiary sector and when this element is introduced into the convergence equations, convergence is shown to be higher. Also Braga (2003) examines income sigma-and beta-convergence among the NUTS 3 Portuguese regions during the period 1970-2001. He proves that in the Portuguese case, the clustering phenomenon leads to growth and convergence within regions and between regions. He claims clusters generate mechanisms of equal growth and living conditions. Additionally, Cardoso and Pentecost (2011) detected that human capital had a positive impact on regional growth and convergence in Portugal during period 1991-2008. They confirmed the convergence among NUTS 3 Portuguese regions and proved that both secondary and higher levels of education have a significant positive effect on regional growth rates which may be regarded as supportive of the Portuguese education policy, which over the last three decades has attempted to raise the regional human capital by locating higher education institutions across the country.
Secondly, Tsionas et. al (2014) To sum up, generally studies confirm regional convergence in the European Union; however convergence does not always occur unconditionally, among all regions and during all periods. Consequently, the processes of European integration do not guarantee the existence of convergence as it also depends on the country-and period-specific factors.
Methodology and data
As this paper investigates absolute income beta-convergence 1 among NUTS 3 regions, I have used the following equation proposed by Baumol (1986) :
where y i,0 and y i,1 correspond to the GDP per capita 2 of region i at the initial and final year respectively and n is the number of years in the analysed period. Whenever a negative and statistically significant relation is found between the initial GDP per capita level and the corresponding growth rate, we can assume the presence of absolute income beta-convergence (variable y i,0 is statistically significant and the parameter β is negative, thus the annual speed of Thirdly, I estimate the SLM and SEM and compare their quality using information criteria and the results of previous statistical tests (Kopczewska, 2006, pp. 123-142) .
The spatial lagged model includes external spill overs resulting from the economic growth of other regions (namely neighbouring regions). In SLM spatial dependence is introduced to the equation through a spatially lagged dependent variable. Matrix W in this type of model is included together with the spatial lag of the dependent variable:
where y i and y j correspond to the dependent variable in region i and in neighbouring regions j respectively and X is the set of independent variables. The Rho-parameter (ρ) is the spatial coefficient, which is used to assess the existence and strength of spatial relations. If it is significant, a dependent variable is explained not only by the domestic determinants, but also by factors coming from external (neighbouring) regions. However, spill overs may result from many other factors, which are not captured by the SLM model. To incorporate the effect of unknown sources of spill overs, the spatial error model can be used. In this model spill overs become a part of the error term component, and spatial dependency is revealed in the error terms, i.e. the error terms are correlated and show spatial covariance. In spatial error models, matrix W is introduced to the error term equation:
where Wu i is the spatial lagged error term, ε i is the random error term of the model, and the λ is a coefficient that is introduced to the model to satisfy the assumption about random error terms.
It shows to what extent shocks in neighbouring regions are transferred to the analysed region (Kopczewska, 2006, pp. 132-133) . 
Estimation results
Estimated models are aimed at answering the question of whether absolute income beta- (Table 1) . Source: own study based on the estimation in R CRAN (commend lm()).
However, the goodness of the fit of the model (R 2 and Adj R 2 ) is low (about 34%). Such low values of R 2 point out that some important factors might have not been included in the regression. Consequently, using the OLS estimation results and row-standardized matrix W, the model is tested for the existence of spatial dependencies (see Table 2 ). The Moran and LM tests suggest a replacement of the OLS model by spatial models -SLM appears to be better than SEM (higher value of statistics in the LM test for the SLM test than for the SEM test; robust LM tests also suggest the choice of SLM). Additionally, the map of residuals in the OLS model (see the first map in Figure 1) illustrates the spatial correlation. Positive and negative rests are not distributed randomly, which suggests the existence of spatial dependencies between regions. Table 3 ). Moreover, SEM confirms the absolute convergence at the level of 1.3% 6 (see Table 4 ). However, the information criteria (lower value of AIC and higher value of LogLik 7 ) together with the earlier mentioned values of the LM test statistics 8 (see Table 1 -in the case of the SEM statistics in the LM robust test is not even statistically significant) confirm that SLM is a better specification than SEM. The value of the rho-parameter illustrating spatial dependencies is almost 0.75 and is statistically significant (see Table 3 ). During the period of 2000-2008 a 1% increase in GDP per capita growth rates of neighbouring regions increased the rate growth of the investigated region by about 0.75 p.p. In other words growth in one region is explained in about 56% by the growth of surrounding areas.
The OLS estimation of the model for the period of 2008-2011 does not detect absolute income beta-convergence (see Table 1 ). The goodness of fit of the model (R 2 and Adj R 2 ) is extremely low (less than 1%). Such low values of the R 2 point out that some important factors for sure have not been included in the regression. Consequently, the model is tested for the existence of spatial dependencies (see Table 2 ). The Moran and LM tests suggest the replacement of the OLS model by spatial models -this time SLM seems to be slightly better than SEM (slightly higher value of the statistics in the LM test for the SLM test than for the SEM test; robust LM do not suggest anything). The map of residuals in the OLS model (see the second map in the Source: own study based on an estimation in the R CRAN(commend lagsarlm()).
According to the SLM and SEM there is no absolute income beta-convergence among the NUTS 3 regions of the 10 new EU Member States during the period of 2008-2011 (see Tables   3 and 4) . Information criteria (with a slightly lower value of AIC and slightly higher value of LogLik) confirm that SLM has a slightly better specification than SEM. The value of the rhoparameter illustrating spatial dependencies is almost 0.35 (more than two times lower than in the model for the years [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] and is statistically significant (see Table 3 ).
Weaker spatial dependencies between regions and the lack of convergence during the period of 2008-2011 could have been be caused by the global economic crisis. Firstly, during a crisis regions could focus on themselves rather than on neighbouring regions. Secondly, the economic growth in one region together with stagnation or even recession in neighbouring regions could disturb the processes of convergence. Table 4 ). The strength of interregional dependencies measured by the rho-parameter is about 0.72 (see Table 3 ). Source: own study based on an estimation in R CRAN (commend lagsarlm()).
Additionally, I estimated the Durbin spatial model which combines both the SLM and SEM models. The Durbin spatial model detects convergence during the period before the crisis (and also in the whole period of 2000-2011) and does not confirm convergence during the crisis (see Table 5 ). The speed of convergence during 2000-2008 is about 1% 12 and during 2000-2011 about 0.5%. 13 Generally, the Durbin spatial model confirms the previous estimation results of 9 The half of a distance that separates from a steady state is about 69 years. 10 The half of a distance that separates from its steady state is about 99 years. 11 The half of a distance that separates from its steady state is about 87 years. 12 The half of a distance that separates it from a steady state is about 69 years. 13 The half of a distance that separates from a steady state is about 139 years. the SLM and SEM models. Thus, the strength of spatial dependencies before the crisis was much stronger than during the crisis.
Conclusions
The SLM and SEM models as well as the Durbin spatial model detect the absolute income beta-convergence on the level of about 1% during [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] 
